Abstract
Introduction
Nonlinear reaction diffusion systems arise in several fields and have been studied by many authors (see [1] and the references therein). The theory of reaction diffusion waves began in the 1930s with the works by Fisher [2] [3], Kolmogorov, Petrovsky and Piskunov [4] on propagation of dominant gene and by Zeldovich et al. [5] in population dynamics, mathematical theory of combustion and chemical kinetics [6] . For example, H. C. Tuckwell [7] considered the general nonlinear reaction diffusion equation driven by two-parameter white noise ( ) , ε was a small real constant, and g was a function at least twice differentiable at equilibrium. At present time, it is a well developed area of research which includes qualitative properties of traveling wavefronts for many complex systems. Traveling waves are natural phenomena ubiquitously for reaction diffusion systems in many scientific areas, such as in biophysics, population genetics, mathematical ecology, chemistry, chemical physics and so on [8] - [14] . It is pretty well understood for a diffusing Lotka-Volterra (LV) system that there exist traveling wavefronts which propagate from an equilibrium to another one [15] .
Consider the LV competition-diffusion system ( ) ( ) 
where ( )
and ( )
are equilibria of (2):
 is a positive equilibrium. By the phase plane technique of ordinary differential equations in the first quadrant, we have the following cases for the system (see [3] 
2) Tang and Fife [18] :
3) Kanel and Zhou [19] :
4) Fei and Carr [15] :
For instance, we give some results on the traveling wave solutions of system (2). 
X. X. Bao and Z. C. Wang [20] gave explicit traveling wavefronts of the system (2) which connected the equilibria ( ) 0,1 and ( )
where 2 , 2 a x ct c a
We know that in a linear system the noise does not affect the mean value at equilibrium; however, in a nonlinear system, the mean is displaced from an equilibrium. How can one describe this displaced mean value? H. C. Tuckwell [7] [21] gave a good idea. Using Green's functions, he described the nonlinear effects in white noise driven spatial diffusions. Following this idea, E. Z. Wu and Y. B. Tang [22] obtained the asymptotic fluctuating behaviors of the traveling wavefront to the Nagumo equation near two stable steady states.
In this paper, we are interested in calculating the statistical properties of the steady states of the LV competition-diffusion system (2) 
The initial condition to (8) 
, r a b are positive constants. We present asymptotic representations of steady states of the LV competition diffusion system that it is randomly perturbed by two-parameter white noise xt W on the whole real line. For a traveling wavefront connecting two stable equilibria ( )
of LV competition diffusion system, we first derive asymptotic representations of solutions near the steady states as t → +∞ . Then by the fundamental solution of heat equation on the whole real line, we get the asymptotic fluctuating behaviors of steady states near the stable states respectively. That is, near the steady state ( ) ( ) 
Random Perturbations on a Stationary State
For 0 ε = , under the conditions (6), the system (2) has a monotone traveling wave solution connecting the two stable states ( ) 0,1 and ( )
be an equilibrium of (2), i.e., ( ) ( )
We write the solution of the system (2) as
and rewrite the system (8) in the following form
We put (11) into (12) . Equating coefficients of powers of ε , we get the first two terms of a sequence of linear stochastic partial differential equations (SPDEs)
As we know, the fundamental solution of the deterministic linear system ( ) 
G x t G x t G x t t
where ( ) 
According to the zero-mean property of Itô integral we have
These give the expectation of stochastic process ( ) , u x t to order 2 ε near the equilibrium ( )
Asymptotic Random Perturbations on the Left Stable State
The equilibrium ( ) 0,1 is the left stable state of the traveling wavefront of (2), i.e.,
Now we consider the equilibrium ( ) ( )
Under the condition (6), the linearized matrix of (2) 
Therefore, the solution of (15) is 
x t G x y t s u y s v y s y s v x t G x y t s M y s y s
+∞ − −∞ +∞ −∞   = − − −     = − − − ∫ ∫ ∫ ∫ A N (29) ()( ) ( ) ( )( ) ( ) ( ) ( ) ( ) 1 2
t s r t s t a t s r t s t a t s r t s t a s rs Ev x t E G x y t s w y s G x y t s y s s t s s s
Since ( ) 
so we have ( ) 
Eu x t G x y t s E u au v y s y s E u au v y s

Ev x t G x y t s E u au v y s y s G x y t s E u au v y s y s G x y t s E bru v rv y s y s E u au v y s s E u au v y s s E bru v
As complexity of the formula of expectation
, it is very difficult to determine the signs of
 respectively, we just consider the asymptotic behavior of
and l'Hôpital's rule, we have 
Denote ( ) ( ) and ( )
Similarly, we have ( ) 
Therefore, we get the random perturbation of the traveling wave solution of (8) 
Therefore, the solution of (15) is ( ) 
